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A. The Problem 
CHAPTER I 
INTRODUCTION 
The problem of dentin sensitivity has defied solution 
for many years. Some experimenters postulate that nerve 
fibers terminate in the pulp while others theorize a direct 
attachment of nerve fl bers to odontoblasts ·which forms a 
biological transduction system. Nerve fiber-like structures 
have been demonstrated in the predentin and dentin and have 
been reported as sensory nerve endings, but others claim 
that these nerve endings are sympathetic efferent endings 
or non functioning nerve endings. Different techniques have 
led to these discrepancies. 
This study demonstrates the functional, afferent nerve 
terminations in the pulp and the dentin of neurons which 
have their cell bodies in the trigem1nal ganglion. A neu-
roanatomical method utilizing the fast axon transport 
system of a radioactive isotope was used. 
B. Human Dentin Physiology 
Many studies have employed physiological techniques 
to study the sensory mechanisms in teeth. Anderson et al. 
(1958) applied two percent lidocaine to freshly cut dentin. 
This local anesthetic dtd not decrease the subject's 
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response to a two molar sucrose solution. Certain substances, 
-(acetylcholine, histamine, five-hydroxytryptamine and 
potassium chloride) did not evoke a response when applied to 
freshly cut dentin, but they produced pain when applied to 
the exposed pulp. These results led Anderson and Naylor 
(1962) to postulate that there are no sensory nerves 1n the 
dentin, and that pain evoked was due to stimulation of a 
pulpal receptor mechanism. This could be accomplished by 
the d1s~urba.nce being transported through the tubules by a 
non-nervous means. In 1966, Anderson and Matthews renorted 
that neither silver nitrate nor strontium chloride had a 
desensitizing action on dentin when it was stimulated with 
a sugar syrup. They calculated that this syrup exerted an 
osmotic pressure of two hundred to six hundred atmospheres 
and theorized that dentin sensitivity could be related to a 
change in the osmotic pressure of the odontoblastic process. 
Anderson et al. (1967) found that freshly exposed dentin 
preparations decreased in sensitivity to different solutions, 
but these same preparations increased in sensitivity if 
filled for one week with an inadequate gutta percha filling. 
They concluded that the puloal tissue of the one week spec-
imens were inflamed and responded to a greater extent because 
of the inflamation. Dellow and Roberts (1966) applied 
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bradykin1n, a strong phlogistic agent and a known producer 
of pain, to freshly cut dent1nal tubules and did not record 
a painful response, They stated that these data supported 
the non-nervous nature of the initial sensory mechanism in 
dentin. 
Brannstrom (1960, a, b, c) extracted teeth five minutes 
after the dentin adjacent to a cavity was exposed to an air 
stream for thirty seconds, Histologic examination revealed 
that the odontoblastie nuclei were aspirated into the 
dentinal tubules. In 1964, Brannstrom and Astrom placed dry 
absorbent paper on freshly exposed dentin and pain was ex-
perienced for twenty-four to thirty-six seconds. The pre-
parations were filled with gutta percha and retested after 
one week. Pain again was experienced by the subjects. The 
teeth were extracted and on h1stologic examination the 
odontoblasts adjacent to the area of painful stimulation 
were absent due to inflamation. They deduced from these data 
that the odontoblasts themselves do not play an important 
-part in the mechanism of pain elucidation from the dentin 
surface. Berygren and Brannstrom (1965) calculated the rate 
of flow in dentinal tubules due to capillary attraction to 
be approximately 4mm/sec at a distance of 2mm from the pulp. 
Brannstrom (1966) stated that there is a rapid outward flow 
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in dentinal tubules as a result of capillary forces. Con-
cerning the histological studies on nerve terminations, he 
believed that it is difficult to distinguish myelinated 
free nerve endings from other fibrillar elements and from 
artifacts. At a symposium at the University of Dundee, 
Brannstrom (1968) reviewed some studies on chemical com-
position and the dynamics of the fluid phase. He related 
these studies to the hydrodynamic mechanism of pain pro-
duction in the tooth which states that receptors were excited 
as a result of the displacement of dentinal tubule contents. 
Van Hassel and Ervin (1973) tapped ten human pulns and 
recorded base intranulpal pressure and temperature at the 
tap. Cold and heat were applied to the teeth and the subjects 
were asked to respond when a stimulus was felt. After cold 
apnlicat1on, the average delays were: pressure change at 
3. 08 see, response at 3. 54 sec, .and temperature change at 
5.20 sec. After heat application, the ~verage delays were: 
pressure at 1.84 sec, 1.93 sec for a response, and 2.98 sec 
for a tempert;lture change. These data indicated that nressure 
changes induced by thermal stress may play a significant role 
in pulp reception 1n that· pressure changes preceded sensory 
responses, while temperature changes followed both. 
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These studies indicate that either the different 
stimuli used by the various investigators could not diffuse 
through the dentinal tubules to excite sensory nerve ter-
minations in the dentin or that the sensory nerve termin-
ations may be in the pulpal tissue. 
c. Histology of Nerves in the Tooth 
Variations in tissue manipulation, fixation, staining 
and viewing techniques have resulted in conflicting results 
of histological studies. 
1, Gross Locations of Nerves 
Held and Baud (1955) described two types of nerve 
fibers in the tooth: sensitive (myelinated) and vegative 
(unmyelinated)fibers. The sensitive fibers penetrated 
the predentin and followed a course parallel to the dental 
canaliculi and ended with a metarterminal apparatus generally 
close against the wall of the tubules. 
Hatlyasy (1961) used the light microscope and found 
nerves in the predentin of rats but not in the dentin. -He 
stated that if nerves are in the dentin there is a possi-
bility that they become calcified and cease to function as 
receptors. 
Nerve terminations in the pulp of erupted human 
teeth were traced by Bernick (1964) to the odontoblastic 
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zone. A few fibers formed loops in the predent1n and returned 
to the odontoblastic layer to terminate. A loop system of 
nerve fibers in predentin and dentin was also reported by 
Lernath (1967). 
Using the light microscope, Rapp et al. (1967) 
noted myelinated nerves in the plexus of Raschkow of primary 
teeth. An occasional unmyelinated fiber left this zone and 
passed into the odontoblastie layer of cells to terminate. 
No nerves were seen to enter the predentin or dentin. 
Summary1 Nerve febers have been reported in the 
predent1n and dentin, but their viability is questioned. 
2. Details of Nerve Structure 
Harris and Griffin (1968) used the election 
microscope and studied the plexus of Raschkow. They reported 
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finding 2.5 u myelinated and 2,500 - 16,000 A unmyelinated 
nerves and described three types of nerve endings by the 
presence of vesicles and mitochondria. The first type had 
varicosities up to 4 y in diameter with axonal swellings and 
were from myelinated nerves. The second type was from un-
myelinated nerves and had an exposed nerve fiber in the 
ground substance. These were thought to be pain afferent 
terminals. The last type ~tas unmyelinated fibers related to 
blood vessels. 
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Fearnhead used the light microscope and a silver 
impregnation technique to stain nerves in all of his studies, 
Fearnhead (1961) found 0.2 ~ beaded nerves in ten percent of 
the dentinal tubules in crowns of fully formed teeth. In 
1963, he stated that there are three types of nerves in the 
nulp. The first type had axons with a diameter of 1 - 2 u 
and were located in the plexus of Raschkow. The second tyne 
had an axon diameter of 0,5 - 1 ~with beaded terminations 
in the marginal plexus, the predentin, and the dentinal 
tubules. The last type had a diameter of 0,2 - 1 u with 
vesicles containing unstained centers and were considered 
young growing nerves, 
Bueltmann et al, (1972) found ultrastructually 
more unmyelinated nerve fibers than myelinated nerve fibers 
in the apical pulp, No apparent difference in the size of 
myelinated fibers in the core and periphery were noted. 
Naked nerve endings were found in the apical puln itself and 
may be sensitive to environmental changes. Pischinger and 
Stockinger (1968) found more myelinated that unmyelinated 
fibers ln the pulp. 
rangeland and Toshio (1972) studied the effect of 
different fixatives and demlneralizing solutions on the 
specific nerve-staining reaction ln human teeth, Nerve-like 
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structures were observed crossing the path of the dentinal 
tubules in mineralized dentin as far as the perioheral one 
third. They stated that the structures found ought to be 
"sensitive .. nerves. 
Corpron and Avery (1973) using the light micro-
scone, found nerves in pulp of mice by nine days after birth. 
At fifteen days, a subodontoblastic plexus had developed 
while at twenty-five days isolated nerves penetrated into 
the predentin of the pulpal horns. From twenty-five to 
seventy days, a highly organized subodontoblastic plexus l1BS 
apparent with branches extending into the odontoblastic 
layer, predentin, and inner dentin. Using the electron 
microscope, they found small unmyelinated nerves at the basal 
region of the odontoblast by nine days. Both myelinated and 
small unmyel1nated nerves appeared in the subodontoblastic 
plexus. Small nerves closely associated ~1th the odon-
toblastic process were found in the predentin by twenty-five 
days. From thirty-five to fifty days, similar nerves ~1th 
alternate constrictions and dilations were found in the 
tubules of the inner dentin. By sixty days both Schwann 
cell covered and naked axons appeared among odontoblasts 
and by seventy days Schwann cell covered axons appeared in 
predentin. These 1ntratubular nerves are located no closer 
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to the dentin-enamel junction in the older tooth than they 
were at the time of initial incorporation into dentin. 
Summary: Both myelinated and unmyelinated fibers 
are found in the pulp, but very few naked nerves are seen 
at the apical pulp. The plexus of Baschkow (subodontoblastic 
zone) contains 4 !! myelinated nerves, unmyelinated nerves 
which could be pain afferent terminals, and unmyelinated 
fibers related to blood vessels. Beaded terminations become 
closely associated with the odontoblastic process in the 
predentin by twenty-five days and are in the inner dentin 
by thirty-five to fifty days. Nerve fibers with a diameter 
of 0.2 - 1 u may be growing nerves. 
3. Association Between Nerves and other Structures 
Fearnhead (196?) gave two possibilities regarding 
the mode of entry of terminal nerve fibers into dentinal 
tubules. The first was that fibers become enclosed by the 
forming dentin, perhaps as a result of their acquiring a 
fixed relationship to the odontoblastic process. The second 
possibi~ity was a result of axonal growth. These small nerve 
fibers insinuate themselves between the odontoblastic process 
and the tubule wall. He supported the latter and stated t.hat 
it is quite possible that nerves may extend as far as the 
dentin-enamel junction even though they could not be 
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demonstrated at that time. 
Arwill (1963), using the light microscope, demonstrated 
nerves in the predent1n, some of which returned to the 
odontoblastic layer. He argued that, if nerve fibers grow, 
they should be found in the canaliculi of bone where 
osteocytic processes are situated. He further postulated 
that when nerve fibers are enclosed in developing predentin 
their function is likely to be impaired; perhaps they even 
degenerate. He demonstrated structures that may be re-
generated swellings. In 1967 Arwill studied forty 
odontoblastie processes with the electron microscope. He 
found what he called associated cells in 42.5% of the 
odontoblast nrocesses in the predentin of a thirteen year 
old. Twenty percent of these associated cells had lamellar 
intracytoplasm1c structures with vesicles and mitochondria. 
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A 200 - 500 A cleft was noted between the associated cell 
and the process, similar to a synaptic cleft. He stated 
that these associated cells could be neural in or1gen. The 
ultrastructure of the pulpo-dent1nal border zone was also 
studied (Arwill, 1968). He demonstrated associated cells 
attached to odontoblastie nrocess in predentin and called 
them nerve fibers. 
Frank used the electron microscope in all of his 
studies of dental innervation. In 1966, Frank studied teeth 
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in ten - fifteen year old subjects. He stated that the 
odontoblast is a secretory cell and is actively engaged in 
protein synthesis. The odontoblast process had intra-
cytoplasmic vacuoles which pour their secretions into the 
periodontoblastic space by reverse pinocytosis to make 
organic peritubular dentin. Unmyelinated "sensitive" nerve 
fibers were visualized lying in close connection to the 
odontoblastic process in the predentin and inner mature 
dentin. Teeth from twenty-five to thirty year old patients 
were also studied by Frank (1968a). He noted a dense line 
between nerve and odontoblast process. At higher magnifi-
cation a classical inner and outer dense leaflet of these 
plasma membranes was visible. He stated that the cellular 
attachment appeared to be similar to the junctional complex 
or tight junction and were stable connections between nerve 
and process. At a symposium at the University of Dundee, 
Frank (1968b) stated that the intradental nerve has 
neurotubules, mitochondria, microvesicles, and membrane 
bound homogenous bodies in close relationship to the 
odontoblast process. These nerves have a complex infolding 
which can either be straight or twist around an odontoblast 
process. He stated that there are no alternatives, the 
associated cells that Arwi.11 found could either correspond 
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to nerve fibers or to additional processes. The cytological 
characteristics of the associate~ cells, as well as the 
relationship of the cell membrane to these cells with the 
plasmalemma of the odontoblast process are identical to 
nerve fibers described in other locations. Recently Frank 
(1972} studied the ultrastructure of cat and goldfish teeth. 
He found that intradentinal nerve fibers lose their Schwann 
cell covering, their basement membrane and their myelin 
sheath. The odontoblasts and f1brocytes seemed to renlace 
the Schwann cell's supporting function. Once the contact 
with the odontoblast was established, the nerve reached the 
inner dentin in close association with the odontoblast 
process. No nerve fibers were found in the outer dentin, 
esnecially at the dentin-enamel junction. Two months after 
inferior alveolar resection, myelinated and unmyelinated 
nerve fibers were still present in the pulp, He stated that 
the existence of non-resected collaterals or absence of 
sufficient retrograde degeneration could have accounted. for 
this result. 
Johansen (1968} also did an ultrastructure study 
of the odontoblast and its• process, He felt that the 
peripheral extensions of nerve like structures needs 
elucidation because the dentin-enamel and dentin-cemental 
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junction are particularly sensitive. 
Stockinger and Pritz (1970) were unable to find a 
direct contact between nerve fiber and odontoblast. They 
suggested that pain is transmitted to the pulpal nerves 
through the odontoblast via bipolar fibrocytes. 
The ultrastructure of the odontoblast and intra-
dentinal nerves of permanent teeth were studied by Roane 
et al. (1973). Three types of nerve structures were observed 
within the predentin and dentin: bare unmyelinated fibers, 
Schwann cell sheathed fibers, and myelinated fibers. Possible 
synapic and attachment sites to the odontoblastic process 
were noted. 
Summary: Nerves in the dentinal tubules become 
enclosed by forming dentin as a result of their acquiring 
a fixed relationship to the odontoblastic process, or they 
enter the dentin as a result of axonal growth. Nerve-like 
structures containing microvesicles and mitochondria are 
attached to the odontoblastic process in the predentin and 
dentin by a junctional complex. These structures could be 
"sensitive" nerve fibers. The outer dentin does not contain 
any nerves. 
4. Nerve Origen 
Fearnhead (1961) resected the inferior alveolar 
nerve and waited one month for degeneration. In these 
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specimens the plexus of Raschkow had disappeared and no 
beaded nerve fibers were found in the marginal plexus, 
predentin or dentinal tubules but were present in the 
control. The fibers associated with vessels were present 
in both the deinnervated and control pulps. 
Thirty days after right inferior alveolar resection, 
the ultrastructure of the first mandibular molar was 
investigated by Avery et al. (1972). In the resected molars 
some sections contained both degenerating intradentinal 
nerves and normal axons and nerve endings. They stated that 
this result may be due to the presence of autonomic nerves 
or differential degeneration of inferior alveolar nerve 
terminal branches. 
Neural resections of the right inferior alveolar 
nerve and/or the right superior cervical ganglion of mice 
was performed by Yu et al. (1972). After sacrificing at 
two and four weeks, they found increased response dentin 
being laid down in the inferior alveolar and combined resected 
teeth. The molars showed deposition along the pulp roof, 
side walls, and bifurcation area. 
After ultrastructure examination, Cox et al. 
(1973) revealed a significant increase in the number of 
mitochondrial granules in the supranuclear region and the 
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odontoblast process of pulps that had their nerves resected. 
Avery et al. (1973) reported both degenerating 
and normal appearing nerve endings located among the 
odontoblasts and in dentinal tubules of mandibular teeth 
thirty days after inferior alveolar resection. On the 
bases of the presence of normal nerves with electron dense 
granules containing vesicles, they postulated that these 
nerves may be adrenergic nerve endings. 
Summary: Both degenerating intradentinal nerves 
and normal axons are seen in molars after inferior alveolar 
nerve resection. Increased response dentin is laid down 
in these teeth. The degenerating nerves are inferior 
alveolar afferents while the non degenerating fibers could 
be sympathetic efferent nerves. 
5. Role of Present Study 
Anderson et al. (1970) reviewed the literature 
on the sensory mechanisms in teeth. They stated that the 
precise location of receptors concerned had yet to be 
established and that one of the difficulties in interpreting 
histological studies was that there was no certainty that 
the fibers were afferents. 
Ossoris (1971) reviewed the two main hypotheses 
of dentin sensitivity. The first is that the dentin possesses 
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an innervation composed of intratubular nerve fibers. The 
other hypothesis maintains that dentin lacks sensitive 
innervation and that the role of stimulus receptor is taken 
by the odontoblast and its• process. Both hypotheses were 
considered from histochemical, light, and electron micro-
scope studies. He concluded that the results indicate no 
definite answer. 
The present study attempts to clarify the or1gen 
and location of nerve terminations in the tooth. A 
neuroanatomical method using the fast axon transport system 
was used to determine the location of the afferent, peripheral 
terminations of trigeminal ganglion neurons. 
D. Axon Transport System 
It was believed, in the nineteenth century, that the 
neuron soma is a •trophic centeru for the axon and that it 
passes substances to the peripheral and central axon. 
Bamon y Cajal (1928) introduced the idea that the severed 
axon degenerated because it was removed from the tronhic 
influence of the perikaryon. Gerald (1932) suggested that 
enzymes necessary for axonal metabolism might be produced 
by the cell body. However, evidence for the movement of 
materials along nerves, or "axoplasmic flow," was not pro-
vided until 1948 by Weiss and Hiscoe. They demonstrated 
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that if a peripheral nerve was constricted, the axons 
proximal to the site of constriction became engorged with 
axoplasm. After the constriction was removed, the ac-
cumulated axonlasm moved somatofugally at a velocity of 
about one mm per day. From these results, Weiss sug~ested 
that all neuronal protein synthesis takes place in the soma. 
Ribosomes are necessary for protein synthesis. 
According to Paley and Pa.lade (1955) using the electron 
microscope, ribosomes have not been demonstrated in any axon, 
but are seen in the cell bodies of neurons as polyribosomes 
and in the rough endoplasmic reticulum. 
In 1963 Droz and Leblond demonstrated protein synthesis 
in the soma. They injected 3H-leucine intraperitoneally 
and found the labeled precursor in the cell bodies of the 
brain, spinal cord, and trigeminal ganglia. In later 
publications, Droz (1967), and Young and Droz (1968) in-
jected 3H-leucine and using the electron microscope found 
labeled proteins associated with the endonlasmic reticulum 
of the soma five minutes after injection. The precursors 
were in the golgi apparatus at twenty minutes and entered 
the axon hillock at thirty to ninety minutes, where they 
were transported somatofrUgally into the axon. Ochs ~ al. 
(1970) found that the labeled protein transport could be 
stopped by blocking the soma's protein synthesis with 
cycloheximide. 
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The rates of the somatofugal transport of labeled 
proteins have been recently studied by many experimenters. 
Iasek (19?0) lists four categories of evidence for a 
somatofugal axon transport system: (1) existence of proximo-
distal gradients alone nerve trunks, (2) accumulation of 
axonlasmic comnonents proximal to axon constrictions, 
(3) microscopic observations of axoplasmic components 
moving within an axon in vivo and in vitro, and (4) study 
of radioactive tracers incorporated in the soma and being 
transnorted in the axon. 
Iasek (1968a) found two rates of transport for the 
sciatic nerve after injecting the dorsal root ganglion 
with 3H-leuc1ne. He calculated a slow transport rate of 
1.3 mm/day and a fast transport rate of 500 mm/day. After 
injecting the somata of ventral horn motorneurons with 
3H-leucine, Iasek (1968b) found a slow transport rate of 
1 mm/day, an intermediate rate, and a fast transport rate 
of 100 mm/day. Other experimenters have found similar axon 
transport rates in different systems. Ochs and Banish (1969) 
·observed a fast rate of 410 mm/day for sensory peripheral 
nerves and a fast rate of 400 mm/day for motor peripheral 
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nerves. Ochs (1965) also found the same fast rate of 400 
mm/day in myelinated nerves with a diameter of 23 u and 
small myelinated nerves with diameters of 3 to 4 ~· Sjostrand 
(1969) calculated a similar fast rate in the unmyelinated 
vagus nerve ( 380 - 410 mm/day) and large hypoglossal nerve· 
(240 - 360 mm/day). It seems that the rate of the fast axon 
transport system is not dependent on the diameter of the 
axon. 
The retinal ganglion cells of the eye have been in-
jected with radioactive tracers and different slow and fast 
axon transport rates reported. Grafstein (1967) found a 
slow rate of 0,4 mm/day and a fast rate of 10 mm/day in 
the goldfish. Sjostrand and Karlsson (1969) showed a slow 
rate of 1. 5 - 2. O mm/day and a fast rate of 110 - 150 mm/day 
in the rabbit. Schombach and Cuenod (1971) demonstrated a 
slow rate of 1 - 2 mm/day, an intermediate rate of 20 - 60 
mm/day and a fast rate of 100 - 500 mm/day in the bird. 
The reason for the different rates of the fast axon transport 
system could be due to the temperature difference between 
species as reported by Elam and Agranoff (1971).and Grafstein 
et.!!,. (1972), Karlsson and Sjostrand (1971) observed the 
same rates in the optic nerves of both normal and light 
deprived animals. Mutant animals with fewer retinal ga·nglion 
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cells demonstrated the same axon transport rates as controls, 
as reported by Grafstein et al. (1972). 
Ochs et al. (1970) (1971 a, b, c) studied the neuro-
chemistry of the fast axon transport system and concluded 
that it is dependent on oxidative metabolism for its energy. 
The slow and fast axon tran~port systems have been 
used by many investigators to define nervous pathways. The 
slow axon transport system was used to trace the axon it-
self as reported by Goldberg and Kotani (1967), Weiss and 
Holland (1967), and Korr et !l· (1967). Iasek et al. (1968) 
--
stated that the slow transport system defined more reliably 
the distribution of small diameter fibers than did the 
Nauta degeneration technique. 
The fast axon transport system .has been used to locate 
the terminations of axons. Using the fast axon transport 
system, Iasek (1967) found that label accumulated in the 
region of the nervous system which contained synaptic 
endings. Grafstein (1967) studied the fast axon transport 
system using autoradiography and found that the layers con-
taining axon terminations were heavily labeled while the 
layer with axons was relatively free of label. Sehombe.ch 
and Cuenod (1971) injected tracer into the retinal ganglion 
cells and used acute sacrifice times. They noted. that only 
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the layers of the optic tectum which were known to contain 
terminations demonstrated labeled precursor. This label 
was transported to the terminations by the fast axon trans-
port system, Cuenod and Schomba.ch (1971) stated that the 
fast axon transport system is directly destined for the 
synaptic endings, while the slow axon transport system 
distributes along the entire axon. Zatz and Barondes (1971) 
and Forman ~ al. (1971) found that labeled glucosamine was 
taken up by the soma and transported only by the rapid phase 
to the nerve endings. Using autoradlography Cowan et al. 
(1972) stated that the localization of transported material 
to the terminal fields after short postinject1on survival 
times suggested that the rapidly transported material can 
be used to determine the site of termination of fiber 
pathways. 
CHAPI'ER II 
MATERIALS AND METHODS 
A. Surgery 
Six Snrague Dawley rats, age 100 days, with a weight 
range of 220-231 grams, were anesthetized intraperitoneally 
1 
with sodium pentobarbital (0.42 mg/kg body weight). Fa.ch 
animal also received intraperitoneally 0.1 mg of atropine 
sulfate2 to decrease respiratory congestion. Four animals 
received supplemental ether anesthesia. A mid-line incision 
was made from the interparietal bone to the nasal bone and 
the periosteum over the parietal and frontal bones was 
elevated. The superior aspect of the frontal bone was 
removed with a dental bur and the right parietal bone was 
excised with a small rongeur. A curved hemostat was used 
to clamp the superior sagittal sinus and parietal bone. The 
cerebral hemispheres were carefully removed with cotton swabs 
after the two O'Dtic nerves were resected. The right 
trigeminal ganglion was isolated in the floor of the middle 
cranial fossa. Bleeding was controlled with surgice13. 
1. Nembutals Abbott Iaboratoriesr North Chicago, Illinois. 
2. Chicago Veterinary Supply Co.; Chicago, Illinois. 
3. Johnson and Johnson Products, New Brunswick, New Jersey. 
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B. Isotone Injection 
A five ~l syr1ngel with a modified 26s needle ~ias used 
to inject the isotope. The hemostat, clamped to the superior 
sagittal sinus and parietal bone, was attached to a test tube 
holder to stabilize the rat's head. The syringe was attached 
to a second test tube holder. 
The isotone injected was L-leuoine - 4, 5 - :3H (N) 2 
which had a specific activity of 35.5 C/mM and a concentration 
of 20 ~ C/ul. The needle was inserted to a depth of one mm 
near the mandibular cell bodies of the right trigemlnal 
ganglion one mm caudal to the bifurcation of the ophthalmic-
maxillary division and the mandibular division. Two ~l 
(40 ~C) were injected at a rate of 0.1 ~l/minute. Surgicel 
was placed over the injection site after removal of the 
needle. 
The rats were sacrificed with an intra.peritoneal over-
dose or sodium pentobarbital, at one hour (one rat), two 
hours (two animals), three, four, and five hours (one "rat 
each) post injection. 
c. Histology 
The right and left (control) trigeminal ganglia and the 
right and left (control) mandibles with the three molars and 
1. Ham11ton·co.s Whittier, California. 
2. New Enp;land Nuo lear' Boston, Massachusetts. 
24 
apex of the incisor were removed from each rat and placed in 
separately labeled jars containing ten percent neutral 
formalin for seventy-two hours. The right and left 
mandibular hard tissue blocks were decalcified in sodium 
citrate and formic acid (Morse, 1945) for five days, They 
were washed, dehydrated, embedded in paraffin and sectioned 
at seven microns, After fixation, the right and left 
trigeminal ganglia ~ere washed, dehydrated, embedded in 
paraffin and sectioned at seven microns, 
All slides were deparaffinized, emersed in Kodak NTB3 
emulsion~ according to the technique of Kapiwa and Leblond 
(1962), placed in light tight boxes, and stored at o0 c, The 
right and left ganglia were developed after one week in Kodak 
D-19 developer1 at 20°c for three minutes, washed in one 
percent acetic acid, and fixed in Kodak Rapid Fixerl for 
three minutes at 2ooc. The trigeminal sections were stained 
with cresyl viole~. The right and left mandibular sections 
were checked every week to determine the optimum exposure. 
At four weeks they were developed, washed and fixed using 
the same procedure followed with the ganglia, but were 
stained with Harris's Hematoxyl1n and Eosin. 
1. Eastman Kodak Co,, Rochester, New York. 
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D. Grain Counting 
An eyepiece grid reticular which had lOOu2 squares was 
used to count the silver grains under the oil emersion ob-
jective (lOOOX). Fifteen counts were made for each of the 
three molars and incisor, both right and left sides in each 
of the six animals. Five slides were selected, from each 
side, for each animal and the middle section on each slide 
was studied. Three counts were made of the molar pulpal 
horn area per section. One molar count consisted of randomly 
counting the grains in two adjacent 100u2 squares in the 
outer dentin, middle third - inner third dentin, inner 
dentin. predentin, odontoblastic layer, subodontoblastic 
zone, and in the pulp itself. In each incisor the apical 
inferior developing area was studied. One incisor count 
consisted of randomly counting two adjacent 100~2 squares 
in the hypocalcified enamel, dentin, predentin, odontoblastic 
layer:subodontoblastic zone and the pulp itself. The 
observer did not know which slide he was counting and made 
the counts in a random fashion. Three random control counts 
ot two adjacent 100y2 squares in tissue free areas were made 
tor each of the five slides (right and left) used for the 
molar and incisor counts. 
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E. Silver Imnregnation 
Every fifth slide was stained with a silver impregnation 
technique (Gough, 1970) to demonstrate the presence of nerve 
fibers. 
CHAPI'ER III 
RESULTS 
A. Ganglia In.1ections 
All right ganglia exhibited isotope incorporation into 
their mandibular cell bodies. Figure 1 shows a typical 
right ganglion demonstrating dark cell bodies that are 
heavily covered with silver grains. The individual grains 
can be better seen at higher magnification (Figure 2), 
Some cell bodies contain more isotope in them than others. 
The left control ganglion from the same animal exhibits 
normal background grains (Figure 3). 
B. Histology 
Ia belled ganglion c·ells should transport radioactive 
proteins to the terminations of their peripheral processes. 
Therefore teeth were studied for areas containing an ac-
cumulation of silver grains. Figure 4 is a photomicrograph 
of_ a right second molar containing grains in the dentin of 
the pulp horn, The contro1 side of the second molar from 
the same animal shows only background grains (Figure 5). 
More grains are noted in the experimental side. Figure 6 is 
a photomicrograph of the apical inferior area of a rodent 
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right incisor. Note silver grains in the predentin but not 
in the dentin and enamel. The control side of the apical 
incisor from the same animal shows only background grains 
(Figure 7). Silver imuregnation of the pulp horn is 
demonstrated in Figure 8. A nerve fiber is seen in the 
dentin and predentin. Note that there are very few nerve 
fibers. Thus, there are probably few nerve terminations in 
the dentin at this section thickness, 
It was very difficult to separate qualitatively those 
areas which had increased grain counts from areas showing 
only background countss presumably because there are few 
nerve fibers in any one specific section. Therefore, t-tests 
were used to statistically compare grain counts of the right 
to the left side. 
c. Statistics and Data Presentation 
Student's t-tests were used to statistically evaluate 
if the mean number of grains counted on the right side 
(experimental) were from the same or from a different nouu-
lation as the mean number of grains counted on the left 
side (control background). 
The specific areas compared with t-tests for each 
animal were: 
1) Mean grains of right side with no tissue to mean 
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grains of the left side with no tissue. 
2) In the pulp horns of each molar: mean grains of 
the right side to the mean grains of the left side in the 
outer dentin, middle dentin, inner dentin, predentin, 
odontoblastic layer, subodontoblastic zone, and pulp. 
J) In the incisor: mean grains of right side versus 
the mean grains on the left side in the hypocalcified enamel, 
dentin, predentin, odontoblastic layer, subodontoblastie zone, 
and pulp. 
The formula used fort was: 
t = 
Sp 
XR = mean grain count of a specific area on right side 
Sp = 
= 
mean grain count of the same area on left side of 
the same animal 
15 counts of the right side 
NL = 15 counts of the left side 
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Since NR and NL were both fifteen, the degree of freedom 
was twenty-eight. At this degree of freedom and using a P 
value of 0.01, t is equal to 2.76, 
Figure 12 illustrates the manner in which the data are 
presented. 1 - values were nlotted on the ordinate (t values 
greater than 2.76 are statistically significant when P = 0.01) 
and the post injection survival times of the six animals were 
plotted on the abscissa ass one animal at one hour, t~o at 
two hours, one each at three, four, and five hours. A granh 
was made for each area studied. 
D. Molars 
The third molars of a two and three hour animal were 
not used in this study due to sectioning errors. 
1. Areas Showing No Terminations 
t - values comparing the mean number of grains 
over areas with no tissue of the right side to the mean 
number of grains over similar areas on the left are plotted 
on Figure 9 as "Slide background". There are no significant 
t - values above P = 0.01. These counts served as controls 
for the counting and autorad1ographi~ procedures. 
No significant t - values were calculated in the 
outer dentin (Figure 11), odontoblastic layer (Figure 15). 
or the pulp (Figure 17). 
Jl 
2. Areas Showing Terminations 
The junction of the inner third dentin and middle 
third dentin (termed middle dentin in Figure 12) showed 
prominant 1 - values for the first molar at two and three 
hours, all molars at four hours, and the second and third 
molars at five hours after 3H-leuc1ne injection. The inner 
dentin had significant t - values in all molars in the four 
and five hour animals (Figure lJ). In the predentin, 
significant t - values were determined for the first molar 
at four hours and the second molar at five hours (Figure 14). 
Statistically notable t - values were found (Figure 16) in 
the subodontoblastic zone of the second and third molars in 
both four and five hour rats. 
E. Incisor 
1. Areas Showing No Terminations 
No significant t - values were calculated in the 
incisor enamel (which also served as a control for the 
counting and autoradiograptic procedures because no nerves 
are in the enamel, (Figure 10), the inner dentin (Figure 13}, 
or the odontoblastic layer (Figure 15). 
2. Areas Showing Terminations 
In the predentin, at the pulpo-dental membrane, 
significant t - values were determined for incisors at two, 
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four, and five hours (Figure 14). Statistical t - values 
were found (Figure 16) in the subodontoblastic zone of an 
incisor at two hours. The pulp demonstrated significant 
t - values in incisors at two, four, and five hours after 
trigeminal ganglion injection (Figure 17). 
F. Summary 
The data are summarized in Table 1 which lists the 
layers studied: " + " signs indicate that on the injected 
side that layer had a statistically higher grain count than 
the same area on the control side. These areas presumably 
contain the terminations of the peripheral processes of cell 
bodies located in the trigeminal ganglion. 
CHAPTER IV 
DISCUSSION 
A, Evaluation of Techniques 
1. Injection Technique 
Mazza and Dixon (1972) used retrograde degeneration 
to study the somatotoµic organization of the rodent trigeminal 
ganglion. They found the cell bodies of the inferior alveolar 
nerve were located on.the lateral protuberance of the 
mandibular branch of the ganglion. 
In the pilot project, two~ 1 of one percent 
methylene blue were injected into the mandibular branch of 
the trigeminal ganglion at a rate of 0.1 ~ l/minute to 
determine the diffusion of a solution through the ganglion. 
The methylene blue did not diffuse throughout the entire 
ganglion. These results are consistant with the findings 
of Iasek (1968a). 
It ts apparent (Figures 1 and·2) that all cell 
bodies do not contain the same amount of 3H-leucine. This 
could pe due to the fact that the injected ·tsoto~e did not 
diffuse to all the cell bodies, or that certain cell bodies 
could not utilize excess 3H-leuc1ne. In cultered cerebral 
tissue, Jones and Mc!l~rain (1971) found that radioactive 
leucine was incorporated into tissue protein at a rate of 
1.2 m ~ mol/mg protein/hour, and that excess free amino 
acid was not incornorated by the tissue. These two factors 
may explain the lack of incorporation of the isotope by all 
the cell bodies and the eventual synthesis and rapid trans-
portation of precursor proteins to the peripheral terminations. 
Figure 18 shows the results of a pilot experiment 
in which a ruptured vessel in a ganglion.resulted in 3H-
leucine gaining access to the systemic circulation. The 
odontoblasts and fibroblasts of this animal incorporated 
this free isotope into synthesized nroteins (Figure 19). 
This situation was never observed in the ganglia or teeth 
used in the present study. Therefore the grains in the 
teeth were probably 3H-leuc1ne that was actively transported 
from the cell body to the peripherial terminations rather 
than protein introduced through the blood stream. 
2·. Sampling Technique 
Carviness and Barkley (19?1) studied section 
thickness and grain count variation in tritium autoradio-
graohs. They found that the coefficient of variation for 
grain counts is minimal with tritium at section thickness of 
2.5 ~and greater. They concluded that when sections of the 
same thickness were mounted on separate slides there was no 
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significant variation in grain counts at the ninety-five per-
cent confidence level (P = 0.05) when the slides were 
precessed simultaneously. 
Sammick et al, (1971) investigated the correction 
of autoradiogranh grain counts in respect to precisely 
calculated background. They counted grains over tissue and 
over areas where no tissue was present and found that back-
ground counts in emulsion over the tissue specimen were 
higher than those over the blank areas of the slide. They 
concluded that background counts should be calculated from 
tissue which is similar to the experimental tissue. 
In this investigation, each area of the right side 
studied was compared to the same area of the left side. For 
example, the mean inner dentin grain count from the right 
(experimental) first molar was compared to the mean inner 
dentin background grain count from the left (control) first 
molar or the same animal. All slides were cut at the same 
thickness, placed in emulsion, exposed for the same neriod 
of time, develo~ed, fixed, stained, and counted in the same 
manner. 
J. t - Test Results 
A t - test is used to statistically ewluate if 
two means are from the same or different populations. If a 
calculated t - -value comparing two means is above the t ~ value 
when P = 0.01. one can state with ninety-nine percent 
confidence that the two means are from different populati~ns. 
Thus t - values greater than 2.76 show statistically 
significant increased grains in the experimental layers of 
the teeth and hence peripheral nerve terminations. These 
two means will be different only one percent of the time due 
to chance alone (Chilton. 1967). 
B. Location of Nerves 
1. General Aspects 
The presence of dentinal nerve terminations was 
denied by some workers (Anderson et al., 19621 and Dellow 
and Roberts, 1966) because they were unable to excite any 
dentinal nerves with chemical stimuli. This discrel)ancy 
may have stemmed from the fact that the solution they used 
did not diffuse through the dentinal tubules to excite 
afferents in the inner and predentinal layers. Thus their 
techniques do not allow statements about terminals. Some 
investigators studied nerve fibers with the light microscope 
but could not interprete exactly where the fibers terminated 
(Held and Baud, 1955s Fearnhead, 19611 Bernick, 19641 Rapp 
~ al., 19671 Langeland and Tosh1o, 1972; and Corpron and 
Avery, 1973). others used the electron microscone and des-
cribed nerve terminations in the dentin that had cytological 
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characteristics identical to nerve terminals described in 
other locations (Arwill, 19671 Frank, 1966, 1968 a, b, 1972r 
Roane~ al., 1973). The present work is consistent with 
the electron microscope studies on nerve endings. Only 
nerve terminations were studied using an accepted neuro-
anatomical method for locating such terminals. 
2. Neural Terminations 
a. Incisor 
The rodent incisor is a continually erupting 
tooth which exhibits continuously developing enamel and 
dentin at its• apical inferior border (Schour and Massler, 
1962). Corpron and Avery (1973) found nerves associated 
with the odontoblasttc process in the predentin of developing 
mouse molars by twenty-five days. Peripheral nerve ter-
minations were found in the predent1n of the apical incisor 
(Figure 14) of the two, four, and five hour animals in this 
study. These terminations were shown at the pulpo-dentinal 
membrane, and were never found in the odontoblast1c layer 
(Figure 15). Only one specimen demonstrated terminations in 
the subodontoblastic zone (Figure 16). The pulp (Figure 17) 
contained nerve terminals at two, three and five hours. 
Therefore the continually erupting rodent apical incisor ap.. 
parently contains living afferent trigeminal nerve termi-
nations at the pulno-dentinal membrane, the subodontoblastic 
J8 
zone, and the pulp. 
b. Molars 
1. Pulp: Bueltmann et al. (1972) noted 
myelinated and unmyelinated nerve fibers in the pulp, very 
few naked axons were found in the apical pulpal tissue. 
This does not exclude the possibility that the naked fibers 
were of sympathetic origen. Injection of the superior 
cervical ganglion could confirm this. In this study no 
trigeminal nerve terminations were found in the pulp horn of 
the molars (Figure 17). 
2. Subodontoblastic Zone: Harris and 
Griffin (1968) reported unmyel1nated nerves with exposed 
axons in the plexus of Baschkow (subodontoblastic zone). 
Figure 16 demonstrates that tr1gem1nal nerve terminations 
were found in the subodontoblastic zone of the molar pulp 
horns. 
J. Odontoblastic I.ayer: Arwill (1968), 
Frank (1966), Stockinger and Pritz (1970), and Roane et al. 
(1973) noted nerve axons to pass between odontobiasts, but 
were unable to find a direct contact between nerve fibers 
and odontoblasts. No trigeminal nerve terminations were 
identified in the odontoblastic layer of the molars in this 
study (Figure 15). 
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4. Dentin: Arwill (1967) found an 
attachment between nerve fibers and the odontoblast1c 
processes 1n the predent1n. Frank (1968 a, b) {1972) and 
Roane et al. (1973) noted attachment sites between axons, 
containing mitochondria and microvesicles, and the 
odontoblastic prooess·1n the predentin and inner dentin but 
not in the outer dentin. In the present study, trigeminal 
nerve terminations were noted in the predent1n, the inner 
dentin, the junction of the middle and inner dentin, but not 
in the outer dentin (Table 1). 
It is not known if the terminations are 
from separate nerves, and hence from separate cell bodies, 
or if they are branches from one nerve to each of the 
different layers. 
c. Functional Afferent Endings 
Hatlyasy (1961) and Anderson et ~. (1970) raised the 
possibility that the dentinal nerves may be non-functional 
or calcified. Iasek (1967), Grafstein (1967), Ochs (1971 a, 
b, c), Cuenod and Schombach (1971), Zatz and Barondes (1971), 
Forman et al. (1971) and Cowan et al. (1972) all found that 
the soma synthesized a protein from amino acids and trans-
ported it by the fast axon transnort system only to the axon 
termination. Thus the terminal will accumulate the protein 
r 
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for some metabolic or structural purpose. Mitochondria and 
microvesicles were described at the attachment site between 
the nerve terminal and the odontoblastic process in the 
dentin and predent1n (Arwill, 19671 Frank 1966, 1968 a, b, 
19?21 Roan et al., 1973). In this study radioactive leucine 
--
was synthesized into a protein by the soma and transported 
to the axon terminations where the precursor protein ac-
cumulated. It seems highly unlikely that the body would 
waste energy to transport a protein to a non-functioning 
nerve ending, 
D. Origen of Neuronal Terminations · 
Anderson et al. (1970) questioned the origen of dentinal 
--
nerve fibers. Iangeland and Toshio (1972) felt the· dentinal 
nerves ought to be "sensitive" nerves. Frank (1972) did not 
find degenerating nerves in mandibular teeth after inferior 
alveolar.resection. Fearnhead (1961) noted that nerves 
disappeared in mandibular teeth after i~ferior alveolar 
resection but fibers associated with the vessels remained 
intact. Avery~ al. (1972) (1973) reported both degenerating 
and normal appearing nerve endings located among the 
odontoblastic processes in dentinal tubules of mandibular 
teeth after inferior alveolar resection. They stated that 
the degenerating fibers were afferents from the trigeminal 
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ganglion and the non-degenerating fibers were either 
efferent sympathetics from the superior cervical ganglion or 
inferior alveolar fibers which required longer degeneration 
times or non resected mandibular collaterals. Iasek (1967), 
Grafstein (1967), Schombach and Cuenod (1971), Zatz and 
Barondes (1971), Forman et al. (1971) and Cowan et al. (1972) 
all injected somata with a radioactive amino acid and found 
that the fast axon transport system transported precursor 
Proteins to the layers containing axon terminations. Thus 
the origen of the terminals was known. In this study the 
trigeminal ganglion was injected with 3H-leucine and by 
utilizing the rapid transport system the location of the 
peripheral afferent axon terminations containing precursor 
protein was studied. 
CHAPTER V 
SUMMARY AND CONCLUSIONS 
Mandibular cell bodies of the right trigeminal ganglion 
of six one hundred day old Sprague Dawley rats were injected 
with two ~l of 3H-leucine. The animals were sacrificed from 
one to five hours after injection. The right and left 
ganglia and mandibules were processed for autoradiographic 
examination. 
· All right ganglia demonstrated isotope incorporation 
into mandibular cell bodies. The fast axon transport 
system actively transported 3H-leucine from the soma to the 
peripheral axon terminations. Using t-tests the mean grain 
counts of the right and left teeth were compared. The 
following conclusions are based on statistically significant 
t-values (P=0.01). 
I~ the pulp horns of rat molars, living peripheral 
afferent axon terminations that have their cell bodies in 
the trigeminal ganglion were demonstrated in the junction 
of the inner and middle dentin, the inner dentin, the 
predentin, and the subodontoblastic zone. They were not 
evident in the outer dentin, odontoblastie layer, or the 
pulp. 
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In the apical inferior area of the continuously 
developing rat incisor, living peripheral afferent axon 
terminations that have their cell bodies in the trigeminal 
ganglion were demonstrated in the pulpo-dentinal membrane, 
the subodontoblastic zone and the pulp. They were not 
evident in the enamel, dentin, or the odontoblastic layers. 
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CHA PI' ER VI I 
APPENDIX 
Fi~re l Photom1crogranh of the lateral protuberance 
of a tyn1cally injected trigeminal ganglion. Radioactive 
leucine apnears as black silver grains in somata. Most cell 
bodies are comnletely filled with isotone. (Cresyl 
violet x90) 
53 
Figure 2 Higher magnification of mandibular 
cell bodies of the trigeminal ganglion. Note that 
some somata are more heavily labeled than others. 
(Cresyl violet x405) 
Figure J Photomicrogranh of mandibular cell 
bodies of the control side of the same animal as 
seen in Figure 2. Note only background radiation. 
(Cresyl violet x405) 
55 
Figure 4 Photomicrograph of the pulp horn of 
the four hour animal's second molar. Note isotope 
(silver grains) from the trigeminal cell bodies in 
nerve terminations of the dentin and predentin. 
(Hematoxylin and eosin x768) 
Figure 5 Control side of the second molar of 
the same animal as seen in Figure 4. Only background 
grain~ are Present. (Hematoxylin and eos1n x768) 
57 
58 
Figure 6 Microscopic annearance of the apical 
inferior incisor of the four hour animal. Note 
3H-leucine in nredentinal nerve terminations at the 
nulno-dentinal membrane which were transported there 
by the fast axon transnort system. (Hematoxylin and 
eosin x?68) 
Figure 7 Control side of the incisor of the 
same animal as seen in Figure 6. Note only back-
ground grains. (Hematoxylin and eosin x768) 
59 
Figure 8 Nerve stain of the molar puln horn of 
the four hour animal. Few nerve fibers are seen in 
the nredentin (P) and in the dentin (D) at this section 
thickness. (Silver imnregnation x?68) 
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Figure 14 •• r. 
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Fi~re lR Photomicrogranh of a ruptured vessel 
in the trigeminal ganglion of a pilot animal. Note 
red blood cells adjacent to labeled mandibular cell 
bodies. (Cresyl violet x480) 
Figure 19 Odontoblasts and fibroblasts of the 
incisor of the same Pilot animal as seen in ~~re 1~. 
Note these cells utilizing the systemic 3a-leuc1ne. 
(Hematoxylin and eosin x768) 
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Table I 
Summary of. Re su Its 
·~·:Areas demonstrating Trigeminal nerve terminations 
11
-
11 
:Areas not showing Trigeminal nerve terminations 
NA:Non applicable areas 
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